SUMMARY The histological and clinical features of 22 thymomas were reviewed. Immunohistochemical studies were performed using antibodies to cytokeratins (CAM 5 2 and S29) and to desmosomal protein. The heterogeneity of staining patterns seen in the epithelial cells supported the concept of separating thymomas into cortical, medullary, or mixed groups. Interdigitating cells were identified by antibody to S100 protein, and these varied in number between different tumours. Clustering of interdigitating reticulum cells occurred in association with foci of mature lymphocytes which were shown by staining of the leucocyte common antigen (CD45). The extent to which this occurred was used to assess the degree ofmedullary differentiation within the thymomas and this was correlated with the histological and clinical features. The lymphocyte population of six of the thymomas was studied using a range of antibodies to T and B cells; this showed the presence of B lymphocytes in thymomas.
Interdigitating reticulum cells constitute a normal component of the thymic medulla.9 They have been shown by S100 immunolabelling to be present in most thymomas.6"0 We found that clustering of interdigitating reticulum cells occurred in association with foci of mature lymphocytes which were shown by staining of the leucocyte common antigen (CD45). The extent to which this occurred was used to assess the degree of medullary differentiation within thymomas.
Recent studies of the epithelial component of thymomas236"' '3 have suggested that the tumour cells may have a cortical or medullary phenotype and that both types of cell may contribute to the tumour. Accordingly, it has been proposed that thymomas may Accepted for publication 23 June 1988 be classed as cortical, medullary, or mixed.'415 The epithelial component in this series was examined using antibodies to cytokeratins (CAM 5 2 and S29) and to desmosomal protein. This paper presents an immunohistochemical study of 22 cases of thymoma with clinicopathological correlations.
Material and methods
Twenty five cases of thymoma were obtained from the files of the histopathology department, Southampton General Hospital, over 10 years. Subsequently, three of these were shown to be lymphomas on immunoperoxidase staining. The medical records in all cases were reviewed. The histology was re-examined and at least one representative paraffin wax block from each case was selected for immunohistochemical study. Assessment was performed using the following methods: peroxidase antiperoxidase (PAP) after trypsin digestion'6; the unlabelled antibody enzyme method'7; and avidin/biotin complex method.'8 Antisera to S100 protein, low molecular weight cytokeratin (CAM 5.2), high molecular weight cytokeratin (S29) and the leucocyte common antigen (PD7-26) were applied as a routine panel to 4 um sections of all cases. In selected cases antiserum to desmosomal protein was used. Sections of normal thymus from two adults, an infant of 4 months, and a fetus of 20 weeks were examined, along with the thymomas. A panel of lymphocyte markers was applied to normal thymus, thymus from a case of myasthenia gravis, and six of the thymomas. The antibodies were applied to paraffin wax sections using the modified 1297 group.bmj.com on April 1, 2017 -Published by http://jcp.bmj.com/ Downloaded from Lee, Wright follow up. The remaining 17 cases were well at follow up with no evidence of tumour recurrence for periods ranging from two to 12 years.
PATHOLOGY
Resection specimens were received from all cases. Tumours which had fibrous adhesions were received in several fragments and assessment of the capsule was not reliable.
HISTOLOGY
The tumours were described initially according to the morphology of the epithelial cell component and to the relative proportions of epithelial cells and lymphocytes. Only two cases were considered to be predominantly lymphocytic in all sections examined. In at least six cases different sections of the same tumour varied in appearance from predominantly epithelial to predominantly lymphocytic, making any classification arbitrary. Ten thymomas were mainly epithelial with polygonal and oval cells arranged in sheets and clusters. Some of these tumours contained epithelial cells with more than one type of morphology. The most common was spindle cell areas in a tumour composed principally ofpolygonal cells with a poorly defined cytoplasmic membrane and vesicular nucleus. Four of the tumours were predominantly spindle cell type. Other features noted were the presence of prominent perivascular spaces (n = 9), microcysts and tubular structures (n = 4), Hassal's corpuscles (n = 3) and areas of necrosis (n = 3). The tumours were categorised as cortical, medullary, or mixed types according to the morphology of the epithelial cells as seen in the normal cortex and medulla, and as described by Marino and MullerHermelink. ' Immunohistochemical study of22 cases of thymoma 1) . As was noted in a previous study25 staining was more intense at the periphery of lobules, within Hassal's corpuscles, and surrounding microcysts and tubular areas. S29 stained Hassal's corpuscles in thymomas strongly but was only weakly positive in other areas and negative in 11 cases. Antibody to desmosomal protein showed a range of staining intensities between tumours, similar to that shown by CAM 5-2. A notable finding was the almost completely negative reaction of the spindle cell thymomas with CAM 5-2. In two of these tumours where there were microcystic and tubular areas the cells stained strongly with CAM 5-2 ( fig 2) . Antibody to desmosomal proteins stained the spindle cells weakly and showed a stronger reaction in the tubular areas. Both the tumours that were invasive at operation were strongly positive for CAM 5-2 (fig 3) , although staining was focal. 
Discussion
Many studies have attempted to predict the behaviour of thymomas on the basis of their histological features.'2627 To this aim the tumours were placed in groups, the classification being based on the proportion of epithelial cells to lymphocytes and on the morphology of the epithelial cells. Three main categories are commonly used: predominantly lymphocytic, predominantly epithelial, and spindle cell. To some extent this classification is arbitrary as thymomas often show morphological heterogeneity within the same tumour. In a recent review Rosai suggests that it may be preferable to classify thymomas into lymphocyte-rich and lymphocyte-poor.28 Classification based on the light microscopic features of normal thymic epithelial cells divide thymomas into cortical, medullary, or mixed.'5 Studies of the phenotype of epithelial cells23 214 in the thymus and thymomas support this division which was the one adopted in this study.
The question of malignancy in thymomas is controversial, in particular, in relation to invasiveness. Fibrous adhesions to mediastinal structures and irregular sclerosis of the capsule makes assessment of capsular invasion very difficult. In this series two thymomas invaded mediastinal structures causing superior vena caval obstruction. Prognosis is reported to be related to epithelial predominance in thymomas,26 29 and the two malignant tumours studied in this series showed sheets of epithelial cells with very few lymphocytes present. Spindle cell tumours are, however, associated with a good prognosis. In a recent study malignant behaviour was noted to occur in thymomas of the cortical type of thymoma.5 Rosai and Levine suggest that thymic tumours, which are overtly malignant, should be termed "thymic carcinoma", while retaining the term "malignant" for tumours which are invasive but have otherwise typical features of thymoma. Metastasis It has been suggested that the presence of myasthenia gravis no longer influences prognosis in cases of thymoma.2" In the present series the seven tumours associated with myasthenia gravis showed no evidence of invasion. They were all of the cortical type and Lee, Wright showed prominent areas of medullary differentiation. It was found that interdigitating reticulum cells were more numerous in these cases, and in two tumours clustering of B lymphocytes occurred. Studies of the microenvironment of the thymus in myasthenia9 have shown an expanded medulla due to epithelial hyperplasia and increased numbers of interdigitating reticulum cells as well as the presence of lymphoid follicles. The nature ofthe relaton between the changes in the thymus and the evolution of myasthenia gravis remains unknown but it is of interest that in this series immunoglobulin-containing B cells were present in three thymomas associated with myasthenia gravis.
Cortical type thymomas showed variation in the intensity and distribution of staining of the epithelial cells with anti-cytokeratin antibodies and with antibody to desmosomal protein. The mixed tumours contained more than one morphological type of epithelial cells and these showed different intensities of staining with CAM5-2, S29, and anti-desmosomal antibody. The polygonal cells stained more strongly than the spindle cells. In largely spindle cell (medullary) tumours foci of stronger staining were identified where there were groups of polygonal cells or microcysts and tubules.
Cortical and medullary differentiation within thymomas was described by Rosai and Levine3' and since then further studies have confirmed this division based on the phenotype of cortical and medullary lymphocytes3 and ofepithelial cells. Cortical epithelial cells have been found to express HLA DR and LEU-7 (HNK 1) antigens24712 and medullary, but not cortical, epithelial cells have been shown to react with the monoclonal antibody RFD-4.' Three recent studies have shown evidence ofcortical or medullary differentiation in the epithelial component of thymomas using immunohistochemical methods.2'1214 These involved larger numbers ofcases and concluded that thymomas could be divided into those composed mainly of cortical epithelium, medullary epithelium, or a mixture of both. It is believed that the medullary type of thymoma corresponds to the spindle cell thymoma. '5 Interdigitating cells were first identified in thymomas by S1OO immunolabelling by Lauriola et al,'°who described these cells as being most often found in spindle cell tumours and rarely in round or oval cell thymomas. Other workers have also suggested that cortical thymomas contain fewer interdigitating reticulum cells.'43' This differs from the finding in the present series which, although showing scattered interdigitating reticulum cells in medullary tumours, has also shown numerous interdigitating reticulum cells in cortical and mixed tumours. In many cases pronounced clustering was seen in areas of medullary differentation. No association has previously been made with interdigitating reticulum cells in thymomas accompanied by myasthenia gravis. It was notable that the cortical and mixed thymomas associated with myasthenia gravis in this series contained numerous interdigitating reticulum cells. The two thymomas which were invasive showed very few interdigitating reticulum cells and lymphocytes and no evidence of medullary differentiation. This supports the study by Vanderkwast et al,2 who found that cortical thymocytes could not be identified in the malignant thymoma in their series.
The areas of medullary differentiation in the thymomas were highlighted by the staining with PD7-26 of mature, small lymphocytes. While the number of lymphocytes staining was very variable from case to case, they did show clustering with interdigitating reticulum cells in many cortical and mixed thymomas. In the pure medullary tumours they were randomly distributed in small numbers. Markers to T and B lymphocytes showed that although the predominant cell type was of the T lineage there was a significant population of B cells present. These varied in number between tumours but showed some clustering in three of the six cases examined. While the B cells in the normal thymus express IgM and IgD, in only two tumours could IgM be identified, accompanied by IgG containing lymphocytes. It is of interest that both these thymomas were associated with myasthenia gravis.
A study of sclerosing B cell lymphomas of the thymus32 and B cells within normal thymus8 suggest that the cells have features of mucosa-associated B lymphocytes. This observation might be consistent with the derivation of the thymus from the endoderm of the third branchial pouch. It is well established that thymomas can reproduce the microenvironment required for T cell maturation and now further investigation ofthe B cell population may advance our understanding of the role that thymomas have in the development ofmyasthenia gravis and other disorders of immunity.
In conclusion, the reaction ofthe epithelial cells with anti-cytokeratin antibodies and anti-desmosomal antibody supports the concept of dividing thymomas into cortical, medullary, and mixed types. Cortical thymomas showed a stronger reaction with these antibodies than the medullary type. It is still not known whether the proliferation of different epithelial cell types reflects different phenotypic expression of one epithelial stem cell or the combined growth of different stem cells. Areas of medullary differentiation were shown in the cortical thymomas and were prominent in cases associated with myasthenia gravis. The presence of B cells in thymomas has been shown and an association with areas ofmedullary differentiation found. The two malignant tumours in this study showed no evidence of medullary differentiation.
